The flower heads of fourteen wild Arnica montana L. populations were collected in the summer of 2010 in the provinces of Trento, Brescia and Bergamo (Italy). The dried flowers were analyzed to assess their chemical diversity. HLPC-MS analysis led to the identification of phenolic derivatives and sesquiterpene lactones in the samples, confirming literature data. Quali-quantitative analysis of the flower heads showed similar qualitative patterns both for the phenolic as well as sesquiterpene lactone derivatives, while significant variability was obtained in the amounts (HPLC-DAD) of sesquiterpene lactones (0.45-2.31%), phenolic acids (1.44-2.88%) and flavonoids (0.96-2.44%). The highest quantities of sesquiterpene lactones, flavonoids and phenolic acids were found in Malga Fregasoga (1703 m above sea level), Rifugio Camini (1608 m a.s.l.) and Malga Sass (1817 m a.s.l.) samples, respectively.
There is an increasing interest in medicinal plants due to their large use in the pharmaceutical, cosmetic and nutraceutical industries. Many species are widely used and requested by the market and they can be supplied both by wild collections as well as cultivation. In a previous paper we considered the dried flower heads of eight wild Arnica montana L. populations collected in Trentino (Italy) as starting material for the morpho-quantitative and qualitative characterization of different North Italian wild accessions [1] [2] [3] . In the present evaluation of Italian A. montana, we completed the study of such populations with the sampling of six further populations and investigated in depth their chemical content.
A. montana (Asteraceae) is an herbaceous perennial plant. It grows in meadows, pastures and heaths, mainly in the mountains from south Norway and Latvia to south Portugal, north Apennines and south Carpathians [4] . In Italy it is distributed in dry meadows and pastures of the Alps, from Piedmont to Friuli-Venezia Giulia region and from 500 to 2200 m of altitude, always in acid soil [5] . Arnica flowers have been used for centuries to treat various diseases such as arthritis, rheumatic disorders, inflammation and blunt injuries [6, 7] . The plant material is used mainly for the preparation of tinctures, ointments and gels that are nowadays used for external use. The main constituents are phenolic acids, flavonoids and sesquiterpene lactones [8] [9] [10] [11] . The principal compounds responsible for the anti-inflammatory activity of arnica are the short chain esters of the sesquiterpene lactones helenalin and dihydrohelenalin [12] . The amount of these constituents can be influenced by genetic factors, as well as growing conditions such as altitude, soil composition and temperature [13] [14] [15] [16] [17] , and recently revised in the Zidorn review [8] showing that temperature could be the key factor inducing the shift in phenolic constituents. Continuing with our studies on the evaluation of the quali-quantitative characteristics of flowers of different populations of A. montana grown in north Italy [1] , we investigated several wild accessions for their phytochemical content. This paper reports on the flowers of fourteen populations of wild A. montana with attention to flavonoids (FVs), caffeoyl quinic acid derivatives (CQAs) and sesquiterpene lactones (SQLs). The aim of this work was to choose A. montana populations with high contents of secondary metabolites growing in various sites in north Italy for their utilization as sources of seed for future breeding programs. The flowers were gathered between 28 th June (Monte Bondone) and 10 th August 2010 (Passo Manghen) ( Table 2 ). The qualitative characteristics were determined of three samples of flowers dried at 40°C in a ventilated oven. Figure 1F and 1G in supplementary materials. Quantitative analyses were also performed considering the most abundant compounds for each considered class (SQL, FV, CQ).
Helenalin esters were the most abundant SQL derivatives in all the analyzed samples (structures of the identified derivatives are reported in Figure 1E in supplementary materials) ( Table 1C ). The mean ratio helenalin/11,13-dihydrohelenalin derivatives, in all the analyzed samples was 2.8±1. 6 showing that these plants present a typical pattern of SQLs for central European collections [17] . The amount of the different SQLs in the analyzed samples is reported in Table 1D . 11,13-Dihydrohelenalin was the most abundant SQL in seven populations, namely Baito Casere Vece, Malga Casina, Chlorogenic acid, 3,5-dicaffeoylquinic acid, and 1-methoxyoxaloyl-3,5-dicaffeoylquinic acid were the most abundant phenolic acid derivatives in all analyzed samples (Table 1E ).
The 3,5dicaffeoylquinic acid amount ranged from 0.49 in Rifugio Bedole to 1.13% in Passo Manghen samples. Furthermore, quercetin-3--Dglucoside, quercetin-3--glucuronide and kaempferol-3--Dglucoside were the most abundant FVs (Table 1F ). In particular, the quercetin-3--D-glucoside amount ranged from 0.24 to 1.03% for the Rifugio Bedole and Rifugio Camini collections, respectively.
The quantitative analysis of the FV, CQA and SQL amounts was in agreement with previously published observations [13, 15] and the average data (n=3) for these classes of phytoconstituents are summarized in Table 1G .
The populations of Malga Sass and Malga Fregasoga presented respectively the lowest (0.45%) and the highest (2.31%) SQL contents, while the others ranged from 0.73% (Monte Bondone), but this population did not differ statistically from those of Malga Casina, Malga Juribello, Malga Vericolo, Monte Peller and Passo Campelli, to 1.75% (Passo Manghen), but it did not differ statistically from the Rifugio Camini samples. The highest amount of phenolic acids was obtained from the Malga Sass samples (2.88%), but this was not statistical different from the seven other populations. Moreover, Rifugio Bedole and Malga Fregasoga presented the lowest level (1.45% on average), but no statistical difference resulted with respect to the other four populations (Monte Peller, Malga Casarine di Dentro, Monte Bondone and Malga Vericolo). The highest flavonoid amount (2.44%) was detected in the Rifugio Camini population, while Malga Fregasoga presented the lowest content (0.96%), although this was not statistically different from the other three (Rifugio Bedole, Monte Peller and Malga Casina). The remaining populations showed a content of flavonoids that ranged from 1.39% to 1.84%. The amount of SQL derivatives was inversely related to phenolic derivative contents.
Helenalin esters were the most abundant SQL in all samples. Rifugio Camini presented the higher relative amount of helenalin derivatives (7.3 times the dihydrohelenalin derivatives), while Malga Ora samples had the lowest, being 2.1 times the amount of the dihydrohelenalin derivatives. Variations in the amount of each considered SQL were observed and it is worthy of note that the SQL content (0.45-2.31%) was higher than that prescribed for this herbal product (0.4%) in the European Pharmacopoeia [6] . Furthermore, helenalin and dihydrohelenalin differ in their antiinflammatory efficacy suggesting the importance for the medicinal use of this plant of knowing the relative amounts of such SQL derivatives in the extract, as helenalin derivatives are the more efficient anti-inflammatory agents [7] . Concerning the total content of flavonoids (1.04-2.44%) and phenolic acids (1.44-2.88%), the data recorded were higher than those reported earlier [18] (0.6-1.7% and 1.03-2.24%, respectively).
The phytochemical composition of the flowers of fourteen populations was relatively homogeneous showing a typical pattern of FVs, and CQAs, as well as SQL derivatives. The fourteen arnica Table 1A : Main sesquiterpene lactones identified in the analyzed samples. populations growing in situ showed a good variability in secondary metabolite contents and some of these could be chosen for a genetic improvement program.
Experimental
Plant materials: During the summer of 2010, the flower heads of 14 A. montana wild populations were harvested at full blooming phase in different areas of the Trentino-Alto Adige and Lombardia regions. The collection areas in Trento province are reported in Table 2 .
The climate of the locations surveyed in Trentino can be classified as continental alpine, with an annual average temperature and rainfall, respectively, of <9°C and 1000>1500 mm [19] . Similar climatic conditions can be found in the two locations of the Brescia and Bergamo provinces.
Extraction of phenolic compounds:
Dried flowers (100 mg) were ground and extracted at room temperature in an ultrasound bath for 5 min using 5 mL of a methanol-water solution (50:50, v/v). The
SQL derivatives APCI [M+Na] + 1
Helenalin 285 Mean values (± S.D., n=3) followed by different letters are significant at the 0.01 level according to Tukey's (HSD) test.. Mean values (± S.D., n=3) followed by different letters are significant at the 0.01 level according to Tukey's (HSD) test. extraction was repeated 3 times. Solutions were collected in a flask (25 mL) and the volume adjusted with the same solvent. The solutions were then filtered through a 0.45 µm membrane and used for chromatography.
Extraction of sesquiterpene lactones (SQLs):
Dried flowers (100 mg) were extracted in an ultrasound bath for 5 min with dichloromethane (5 mL); the extraction was repeated 3 times. Solvents were collected and evaporated to dryness at 35°C under reduced pressure. The residues were then dissolved in methanol and the volume adjusted to 10 mL in a flask. The solutions were filtered through a 0.45 µm membrane and used for chromatography. Each flower sample for both analyses was prepared in triplicate.
HPLC analysis:
An Agilent 1100 chromatograph equipped with a diode array detector was used for the quantitative determination of phenolic compounds. Caffeoylquinic acid derivatives were determined at 330 nm and flavonoids at 350 nm; peak identification was performed observing the UV spectra recorded in the range 200-400 nm by a DAD detector. Agilent SB-C18 4.6 x 50 mm (1.8 µm) was used as stationary phase. Eluents were acetonitrile (A) and water 1% formic acid (B). Gradient elution was 88% B; then in 8.5 min 20% B; in 13 min to 0%. Calibration curves were obtained by preparing standard solutions of rutin for flavonoid derivatives (at 350 nm), and chlorogenic acid for caffeoylquinic acid derivatives (at 330 nm). The concentration ranges were 135 µg/ml-2.7 µg/mL and 1126.1 µg/mL-2.5 µg/mL for chlorogenic acid and rutin, respectively.
HPLC/MS analysis:
A Varian 212 HPLC system equipped with a MS 500 ion trap detector with ESI source was used for the HPLC-MS analysis. For the phenolic constituents, negative ion mode was used, while positive ion mode was used for the sesquiterpene lactones. Sesquiterpene isobutyryl helenalin isolated in our labs, was used as reference for quantitative analysis of SQLs, as described in a previous paper. Agilent C-18 XDB plus 2.1 x150 mm was used as stationary phase. Methanol (A) and water 0.1% formic acid (B) were used as eluents. Gradient elution was 68% B in 25 min 8% B then 30 min 0% B. Flow was 200 µL/min. The MS conditions were the following: negative ion mode needle potential 4500 V, shield 600 V, spray chamber temperature 50°C, nebulizer pressure 20 psi, drying gas pressure 10 psi, drying gas temperature 6 Natural Product Communications Vol. 9 (1) 2014
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325°C, capillary voltage 69 V, RF loading 84%, MS range 50-500 Da. Parameters were optimized using the Varian WS workstation by directly injecting into the MS spectrometer the standard compound isobutyryl helenalin. For the analysis of phenolic constituents by HPLC-MS an Agilent XDB C-8 2.1 x 150 mm (3.5 m) column was used. Acetonitrile (A) and water 1% formic acid (B) were used as eluents. Gradient elution was 90% A then in 40 min 20% A and 0% A in 50 min then 6 min re-equilibration time. Flow rate was 200 L/min. The MS conditions were the following: positive ion mode needle potential -5000 V, shield 600 V, spray chamber temperature 50°C, nebulizer pressure 25 psi, drying gas pressure 10 psi, drying gas temperature 350°C, capillary voltage 60 V, RF loading 84%, MS range 50-2000 Da. The quantitative percentage data, previously transformed in angular values, were subjected to ANOVA, using XLSTAT software package. The statistical mean comparisons were calculated according to Tukey's (HSD) test.
Supplementary data:
Structures of compounds and exemplificative chromatograms are reported as supplementary data.
